| CASE REPORT
A 69-year-old woman with no history of smoking underwent a lower lobectomy and lingular subsegmentectomy for an abnormal mass in her left lung in March 2013. Based on epidermal growth factor receptor (EGFR) mutational analysis, the lung specimen retrieved at surgery was identified as adenocarcinoma with an L858R mutation in Exon 21 of the EGFR gene. The cancer stage was determined to be pT2aN1M1, pStage IV. Gefitinib (250 mg/d) was initiated soon after surgery. Although treatment was effective, she discontinued therapy in August 2013 due to her financial situation and stopped coming for follow-up. The patient developed difficulties in breathing in March 2014 and again visited our department in April 2014. Chest X-ray showed pleural effusion in the left lung field that was confirmed to be malignant pleural effusion by cytology. Gefitinib was restarted. At this time, we noticed redness of the left breast, although the skin lesion gradually disappeared after reinitiation of gefitinib. The patient had a past medical history of breast cancer, undergoing partial mastectomy of her left breast without adjuvant chemotherapy 15 years ago.
In January 2015, the patient again presented with redness of the left breast ( Figure 1A ), reporting that she had felt pain in the lower part of the left breast since December 2014. Physical examination revealed tenderness of the entire left breast, which was red with thickened skin. On appearance, it resembled inflammatory breast cancer. A core needle biopsy was performed on the breast, and the biopsy specimen revealed estrogen receptor (ER)-negative, progesterone receptor (PR)-negative, and HER2-negative invasive ductal carcinoma ( Figure 2 ). The patient was diagnosed with triplenegative breast cancer, which was presumed to be recurrent breast cancer. The pathological results from the mastectomy that was performed 15 years prior at another hospital were not available at the time of triple-negative breast cancer diagnosis. As gefitinib had been effective in reducing the breast redness, we considered that the breast cancer harbored an EGFR mutation.
Chest computed tomography (CT) showed irregular masses and satellite nodules in the left breast, thickened bronchovascular bundles, and multiple bone metastases ( Figure 1B-H 
from Grade 3 neuropathies. As a third-line therapy, carboplatin (AUC 5) was administered on Day 1, S-1 (80 mg/m 2 per day) on Days 1 through 14, and bevacizumab (15 mg/ kg) on Day 1, every 21 days. Again, a partial response was found for both cancers; however, after two cycles, she began experiencing irrational behavior and impaired short-term memory. Magnetic resonance imaging (MRI) scan revealed carcinomatous meningitis. Although erlotinib (150 mg/d) was administered as a fourth-line therapy, her general condition gradually deteriorated, and she expired in September 2016.
After her death, we obtained breast cancer tissue specimens from the surgery performed 15 years ago at another hospital. We analyzed three specimens: breast cancer tissue from the previous surgery, lung cancer tissue from the surgery performed in 2013, and breast cancer tissue from the core biopsy performed in 2015. Although EGFR mutation was not identified in the breast cancer tissue from the previous surgery, the same EGFR mutation, namely L858R mutation in exon 21, was found in the breast cancer tissue obtained by core biopsy and in the surgically removed lung cancer tissue. Immunohistochemical (IHC) analyses confirmed that the newly identified breast cancer was a metastasis from lung adenocarcinoma (Figures 2 and 3 ).
| DISCUSSION
Metastases to the breast from lung cancer are extremely rare. Indeed, only 43 cases were identified in literature from 1989 to 2013. 6 Eighteen additional cases with detailed clinical information from 2013 to 2017 were identified in our literature search of the PubMed database (Table 1) . [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Of these 18 cases, four involved male patients and 14 female patients, with ages ranging from 40 to 74 years (average, 56.5 years). Among the cases, including one in which adenocarcinoma transformed into small cell carcinoma following tyrosine kinase inhibitor treatment, 11 were adenocarcinomas and two small cell lung carcinomas. 18 Metastases to the breast from extramammary neoplasms can spread via both hematologic and lymphatic routes.
5, 23 The former most commonly present as palpable, well-circumscribed painless solitary masses. The metastases are found in the upper outer quadrant and despite their superficial location, they do not exhibit skin or nipple retraction. In contrast, lymphatic metastases to the breast appear as reddening and swelling of the breast and are difficult to distinguish from primary inflammatory breast cancer; such metastases have been reported from gastric and ovarian carcinomas. 5 As in the present case, lymphatic metastases to the breast can also originate from lung cancer, although they are uncommon.
Ipsilateral breast metastasis from lung adenocarcinoma might also occur via lymphatic routes. Huang et al 24 proposed that lung cancer cells may seed on the pleura, invade axillary lymph nodes, and metastasize to the ipsilateral breast through retrograde lymphatic vessels. Such patients present with ipsilateral pleural effusion/thickening, axillary lymph node enlargement, and ipsilateral breast metastasis. In the present case, we also detected pleural effusion and axillary lymph node enlargement on the same side as the breast metastasis ( Figure 1B-D) . Diffuse-type breast metastasis is always ipsilateral; however, as ipsilateral breast metastasis presents as a solid mass or a diffuse type (Table 1) , lymphatic routes alone may not explain the laterality of metastases from lung cancer. Differentiating between primary breast cancer and breast metastases is challenging, particularly when the metastases are identified as adenocarcinoma. Thus, histological examination and IHC analyses are important for distinguishing between metastases to the breast and primary breast carcinoma. 1, 25 In the present case, we first diagnosed the patient with recurrent triple-negative breast cancer based on tissue morphology. Later, we compared the following three specimens using IHC methods: breast cancer tissue from the previous surgery, lung cancer tissue from surgery, and breast cancer tissue from a core needle biopsy. Analysis of cytokeratin (CK) 7 and CK20 expression has diagnostic value for determining the origin of metastatic lesions, 26 and in the present case, sections of all three tissues were CK7 + /CK20-, strongly indicating that all of the samples were either of breast or lung origin. 26 Although thyroid transcription factor-1 (TTF-1) is expressed in 68%-76% of lung adenocarcinomas, positivity in breast adenocarcinoma has never been reported. 27 Napsin A is expressed in 84% of primary lung adenocarcinomas but not in other types of adenocarcinoma. 28 In addition, gross cystic disease fluid protein-15
(GCDFP-15) is used as a marker for primary breast cancer; however, its expression is also observed in lung adenocarcinoma. 29 In our case, the biopsied breast cancer tissue was positive for napsin A and TTF-1 but not for GCDFP-15, suggesting that the biopsied breast cancer originated from the lung. Estrogen receptor is expressed at very low levels in lung cancer. 30 Typical IHC findings for lung adenocarcinoma were obtained for the biopsied breast cancer tissue in the present case. Expression of both ER and PR confirmed that the biopsied breast cancer tissue was not recurrent primary breast cancer. Epidermal growth factor receptor mutations in triplenegative breast cancer are inconsistently reported. Four studies have reported that approximately 3%-11% of triplenegative tumors harbor EGFR mutations, 31, 32 whereas other studies have found no activating EGFR mutations in triplenegative breast cancer patients. [33] [34] [35] As discussed, variability in results might be due to the processing methods used or to geographic or ethnic differences. Also, we assessed EGFR mutations in patients with triple-negative breast cancer at our hospital (Data S1), and none of the nine tumor sections examined exhibited EGFR mutations within Exons 18-21. This observation strengthens the previous findings of a lack of EGFR mutations in triple-negative breast cancer. In summary, we report a case of breast metastasis from lung adenocarcinoma that was mistakenly diagnosed as triple-negative breast cancer. With respect to pathology, if histology indicates adenocarcinoma, it is difficult to distinguish between primary breast cancer and breast metastasis. Therefore, clinical history and IHC analyses are essential for definitive diagnosis. The fact that EGFR mutations are not frequent in triple-negative breast cancer may help in achieving a correct diagnosis.
